Background: Tangier disease (TD) is the phenotypic expression of rare familial syndromes with mutations in the ABCA1 transporter. TD results in extremely low high density lipoprotein (HDL) cholesterol and reduced low density lipoprotein cholesterol, with normal or mildly increased fasting triglyceride (TG) concentrations. Although there is a close relation between HDL cholesterol values and atherogenesis, the risk of coronary artery disease is variable in TD. Raised fasting or postprandial TG values frequently accompany low HDL cholesterol and can add to the risk of a vascular event. Aims: To investigate the postprandial TG response in TD. Patients and methods: Five patients (three homozygotes (HTD) and two heterozygotes (hTD)) from one family were studied. One was defined by DNA analysis as homozygous for a new mutation (C2033A) resulting in truncation of the ABCA1 protein. Their TG concentrations were measured before and four, six, and eight hours after a standardised fat load and compared with a control group. Results: Two patients with HTD had high fasting TG concentrations. The third patient with HTD, the two with hTD, and the control group had TG concentrations within the reference range. The patients with HTD had increased postprandial peak TG values when compared with those with hTD and controls. Conclusion: Patients with HTD, with or without fasting hypertriglyceridaemia, may have an increased TG response to a fatty meal. The small number of patients does not allow definitive conclusions to be made. However, postprandial hypertriglyceridaemia could be a reason why some patients with TD develop premature atherosclerosis.
T angier disease (TD) is a rare genetic disorder that was first described 42 years ago. 1 In 1999, three groups [2] [3] [4] independently reported that mutations in the ATP binding cassette A1 transporter (ABCA1) are associated with TD. The metabolic hallmark of TD is a combination of extremely low high density lipoprotein (HDL) cholesterol 1 5 and reduced low density lipoprotein (LDL) cholesterol concentrations. 6 As yet, there is no definitive pattern described for serum triglyceride (TG) levels.
''A greater triglyceride increase postprandially has been reported in patients with coronary artery disease, diabetes mellitus, and arterial hypertension'' A substantial part of our life is spent in the postprandial state. Therefore, several authors 7-9 have described fat load tests to evaluate postprandial lipid metabolism. A greater TG increase postprandially has been reported in patients with coronary artery disease (CAD), 10 diabetes mellitus, 11 and arterial hypertension. 12 Despite this evidence, postprandial TG concentrations are often not considered. 13 The limited surveys of the literature indicate that there is heterogeneity with regard to CAD risk in TD. [14] [15] [16] One explanation could be that the extremely low levels of protective HDL cholesterol increase the risk of CAD in spite of the low serum LDL cholesterol concentrations. [14] [15] [16] Variability in postprandial hypertriglyceridaemia in these patients could also be relevant in terms of CAD risk. Therefore, we assessed the postprandial TG response in three homozygous patients with TD and compared it with that in two heterozygous patients with TD and 25 normal individuals.
PATIENTS AND METHODS

Patients
We studied five patients from one Greek family affected by TD, recently described by us. 17 In this large six generation family (fig 1) , we found no history of premature atherosclerosis, diabetes mellitus, arterial hypertension, or dyslipidaemia. Here, we analyse the proband (C2033A mutation) and four of the 10 siblings. Based on the fact that TD mutations are very rare and that we are dealing with one family, we assume that the C2033A mutation is probably present in each case. However, further studies are required to confirm this assumption.
Case 1
This patient (fig 1, V10) , the proband, has been described previously. 17 She is a 34 year old woman who initially presented with anaemia. Clinical examination only revealed mild hepatosplenomegaly. No enlarged tonsils, pathological lymph nodes, peripheral neuropathy or atherosclerosis were present. Her lipid profile was typical of TD (table 1) . DNA analysis revealed a new null mutation (C2033A) in both alleles, causing a premature stop codon at the amino acid residue 573, which resulted in truncation of the ABCA1 protein.
Case 2
This patient (fig 1, V9) was a 36 year old, asymptomatic man. His history only revealed a b thalassaemia trait. Clinical examination showed mild hepatosplenomegaly. Enlarged tonsils or enlarged lymph nodes were not present. Neurological examination was normal. Blood tests were normal except for a decreased haematocrit (30%) and thrombocytopenia (87 6 10 9 /litre). His plasma lipid values were typical for homozygous TD (HTD) (table 1).
Case 3
This patient (fig 1, V16) was a 22 year old, asymptomatic man with no relevant medical history. His tonsils appeared normal. His blood tests were normal except for the unusual lipid values (table 1). These findings led to the diagnosis of HTD.
Case 4
This patient (fig 1, V17) was a 20 year old man in good health with normal tonsils, liver, and spleen. His lipid profile was consistent with a diagnosis of heterozygous TD (hTD) (table 1).
Case 5
This patient (fig 1, V14) was a 25 year old woman with normal tonsils, liver, and spleen. No anaemia was found. Her lipid profile was consistent with a diagnosis of hTD (table 1).
All five patients showed no pathological findings on echocardiography and no ischaemic changes were seen in their resting electrocardiograms and exercise tests. They had normal arterial blood pressures and fasting glucose and were not obese. None used drugs and they were not heavy drinkers. Patient 2 was a smoker, case 1 was an ex-smoker; the others had never smoked.
Control group
The control group consisted of 25 healthy men, mean (SD) age 51 (9) years, with no family history of premature atherosclerosis, diabetes mellitus, arterial hypertension, or dyslipidaemia. Their fasting TG values were , 1.7 mmol/litre and their non-HDL cholesterol was ,5.2 mmol/litre; all had never smoked.
All participants gave their informed consent and the ethics committee of the Onassis Cardiac Surgery Centre, Athens, Greece, approved the study protocol.
METHODS
Fat loading with a test meal was carried out and plasma TG concentrations were measured. The ingredients of the standardised fatty meal have been described previously.
12 It contained 802.1 kcal/m 2 of body surface and consisted of 2.5% protein, 14.0% carbohydrate, and 83.5% fat (from heavy whipped cream).
All patients were studied in the outpatient clinic of the Onassis Cardiac Surgery Centre between 8.00-9.00 am after a 12 hour overnight fast. The fatty meal was consumed within 20 minutes and plasma TG concentrations were measured before and four, six, and eight hours after the fat load. During this eight hour period, the participants did not eat; they could only drink water and they did not smoke. Areas under the curve (AUC) for individual patients and for the control group were calculated using the trapezoid rule. For the control group, values are presented as means (1 SD).
RESULTS
All participants ate the individually calculated fatty meal and tolerated it well. Table 2 
Fasting TG concentrations (table 1)
Of the three patients with HTD, two (patients 2 and 3) had mild hypertriglyceridaemia, and one (patient 1) had normal values. The patients with hTD and the controls had normal fasting TG concentrations.
Postprandial TG concentration (table 2) TG values four hours after the fat load Patients 1, 2, and 3 had greatly increased postprandial TG concentrations compared with the controls. Because of the small numbers of patients we could not carry out a statistical analysis. However, we can express the results of the patients as deviations from the mean value for the controls. Thus, in the controls four hours postprandially, the calculated TG values +1 SD would be 2.1 mmol/litre; the corresponding values +2 SD would be 2.6 mmol/litre, +3 SD 3.0 mmol/litre, +4 SD 3.4 mmol/litre, and +5 SD 3.8 mmol/litre. Therefore, some of the patients had four hour TG values that were up to 5 SD higher than seen in the controls. The TG concentrations of patients 4 and 5 remained within the ''normal'' range. The highest TG values were seen in patients 2 and 3.
TG values six hours after the fat load Patients 2 and 3 reached their highest postprandial TG concentrations (more than 6 SD above that seen in the controls) at this time. In the other three patients, there was a decrease in postprandial TG concentrations. The controls had approximately the same TG concentrations as was seen four hours after the fat load.
TG value eight hours after the fat load
The patients and controls reached TG concentrations close to their fasting values.
DISCUSSION
The TD homozygotes, with or without fasting hypertriglyceridaemia, had postprandial TG values well above those seen in the controls. This postprandial response is similar to that reported in patients with CAD. 18 The patients with hTD demonstrated a normal postprandial TG response. To our knowledge, this is the first report involving a fat load test in patients with TD.
Although TGs are not found in atheromatous plaques, 19 20 postprandial hypertriglyceridaemia is considered to be a vascular risk. TG rich lipoproteins are involved in atherogenesis in several ways, namely: (1) they are carriers of cholesteryl esters to the vessel wall, 20 (2) they induce endothelial dysfunction, 21 and (3) hypertriglyceridaemia is accompanied by small dense LDL (which is more susceptible to oxidation) 22 and low concentrations of HDL. 23 Hypertriglyceridaemia may also be involved in the activation of haemostasis, 24 and probably provokes the activation of nuclear factor kB, which has been proposed as a mediator of atherogenesis. 25 Postprandial hypertriglyceridaemia is probably a consequence of competition between chylomicrons and very low density lipoprotein (VLDL) cholesterol for lipoprotein lipase. Classically, chylomicron clearance occurs in two sequential steps: (1) TG hydrolysis by lipoprotein lipase and (2) uptake of the remnants by the liver. Delay in the second step leads to the accumulation of remnants and is generally thought to be responsible for the increased atherogenic risk associated with postprandial hypertriglyceridaemia. A chylomicron particle must gain access to an unoccupied lipoprotein lipase molecule on the capillary surface of adipose tissue or cardiac and skeletal muscle. Therefore, the TG clearance rate is the result of many variables, 26 such as the size of the respective capillary beds, the amount of active lipoprotein lipase, and the number of VLDL particles competing with chylomicrons.
When describing patients with TD, Fredrickson and colleagues 1 reported that they have ''too high'' plasma TG concentrations compared with normal subjects. Later it was confirmed that fasting hypertriglyceridaemia is usual in TD patients. 5 Interestingly, the chylomicrons from patients with TD were found to have an unusually low cholesterol content and to leave plasma more slowly than chylomicron remnants from normal subjects. 5 However, fasting hypertriglyceridaemia is not present in all patients with TD, 14 and there is a lack of data concerning postprandial TG abnormalities in these patients. The metabolic abnormalities associated with TD led us to hypothesise that postprandial hypertriglyceridaemia is probably present in patients with HTD even if fasting hypertriglyceridaemia is absent. The lack of adequate maturation of HDL in TD may prevent the cholesterol ester transport protein dependent transfer of tissue deposited cholesterol from HDL to TG rich lipoproteins and LDL. 27 Patients with TD also have a disproportional TG distribution in the LDL fraction, resulting in TG rich LDL. [28] [29] [30] In a patient with normal TG values (1.4-1.7 mmol/litre), most of the TG (60%) was located in the LDL rather than the VLDL fraction. 31 It has been suggested 32 that in TD the unusually high concentration of Apo A-II in the VLDL and LDL fractions make those lipoproteins poor substrates for lipoprotein lipase. This may explain the hypertriglyceridaemia seen in many of these patients. 32 However, in some patients with TD, despite this abnormality and the accompanying low lipoprotein lipase activity, hypertriglyceridaemia is absent. 31 Schaefer and colleagues 16 reported that 45% of patients with TD between the age of 35 and 65 years had developed cardiovascular disease. Other workers 15 observed cardiovascular disease in 20% of patients with TD and in 44% of those aged 35-65 years (compared with 6.5% in male and 3.2% in female age matched controls). Premature CAD has mostly been described in patients with TD over 40 years old, 14 16 and only in a few younger subjects with TD. 33 34 Of seven patients with TD who died after the age of 40, three deaths were caused by CAD and two by stroke. 15 This observation is of particular interest because there is evidence that both HDL and TG values predict the risk of strokes, in addition to CAD related events. 35 36 ''Investigation of low high density lipoprotein syndromes, such as Tangier disease, could contribute to our understanding of reverse cholesterol transport and may open the way for new beneficial treatments''
Although ABCA1 is mainly implicated in cellular lipid efflux and HDL metabolism, additional roles have been described. Analyses of knockout mice and overexpression studies have pointed out the importance of ABCA1 in cellular trafficking of cholesterol and cholinephospholipids, and in total body lipid homeostasis (intestinal cholesterol and fat soluble vitamin absorption and modulation of steroidogenesis). Furthermore, in the absence of ABCA1, compensatory mechanisms involving other members of the family such as MDR1, MDR3, and MRP family members, could become active. 37 In addition, when leucocyte ABCA1 is absent, mice develop more advanced and larger atherosclerotic lesions. 38 This effect operated independently of HDL concentrations, indicating a potential direct atherogenic action related to an ABCA1 defect. 38 These properties may contribute to the observed heterogeneity in the relation between TD and CAD. 15 Although a causal relation between low HDL and atherosclerosis has been confirmed, 13 39-41 the exact mechanisms involved are not completely understood. Investigation of low HDL syndromes, such as TD, could contribute to our understanding of reverse cholesterol transport and may open the way for new beneficial treatments.
Our study has limitations. We did not perform statistical analysis because of the small number of patients. Furthermore, the mean age of the control group was at least 20 years higher than the patients with TD, but there are many studies suggesting that aging is accompanied by increased postprandial TG values. 42 Another limitation is that all the patients with TD were related. Therefore, our observation that patients with homozygous TD had an increased TG response to a fat meal, whereas heterozygotes had normal maximal postprandial TG values, may not be valid for other patients with TD. Whether patients with TD and abnormal postprandial TG responses will benefit from treatment (for example, with a fibrate or fish oils) should be investigated.
In conclusion, some homozygous patients with TD may have postprandial hypertriglyceridaemia. Whether this abnormality increases cardiovascular risk in these patients remains to be established. Bacterial factors related to invasiveness in the nasopharynx include adhesion factors, IgA protease production, ciliary inhibiting factors, the polysaccharide capsule, and surface antigens which may vary in expression or structure. The polysaccharide of group B meningococci is non-immunogenic because of its similarity to the human neural cell adhesion molecule. Host factors that limit survival of meningococci in the circulation include both the innate immune system and acquired immunity but specific antibodies are the most important mechanism. Deficiency in the terminal components of the complement pathway and properdin deficiency both lead to recurrent infection and mutations in the mannose binding lectin gene increase the risk of meningococcal disease.
Tissue damage in meningococcal disease is often caused by host immune mechanisms activated by endotoxin. Endotoxin binds to plasma endotoxin binding protein and to the cellular receptor, CD14 and other cellular receptors triggering an intense inflammatory response. Activated macrophages produce a range of proinflammatory cytokines the concentrations of which are related to disease severity and mortality. Microvascular injury in meningococcal sepsis manifests as increased vascular permeability leading to massive proteinuria and hypovolaemia, vasoconstriction or vasodilatation, intravascular thrombosis, and myocardial dysfunction. Renal failure, pulmonary oedema, gastrointestinal ischaemia, and brain impairment may follow. Central nervous system involvement may also be due to meningitis.
Treatment includes management of shock with restoration of blood volume. A variety of treatments aimed at reducing the inflammatory response have been tried with mixed results. Controlled trials of bactericidal permeability increasing protein (rBPI 21 ) and activated protein C in childhood sepsis are being planned or under consideration.
